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1.0 INTRODUCTION 

This Technical Memorandum presents the findings of the initial Remedial 

Investigation (RI) phase of study at the Naval Weapons Industrial Reserve Plant in 

Bedford, Massachusetts (NWIRP Bedford). It briefly examines the physical and 

chemical analytical data derived from soil, surface water, and the first round of 

groundwater sampling conducted at the site. It also presents preliminary conclusions 

on geologic, groundwater, and potential contamination relationships and makes 

recommendations regarding future study requirements. 

Dames & Moore conducted the initial phase of RI field investigation from 

March through June 1989. The purpose of the investigation was to develop a data 

base for the evaluation of potential contamination related to past storage and 

disposal practices. Attention centered specially on two sites (Figure 1): the Old 

Incinerator Ash Disposal Area (Site 1) and the Components Laboratory Fuel Oil 

Tank Area (Site 2), and in a more general sense, on the remainder of the plant . 

Because of what was learned in constructing the wells and the findings of this 

first sampling round, it was decided to prepare a brief interim report. This was done 

to assess the data in light of the proposed work plan and to determine if any changes 

or mid-course corrections should be made . 

2.0 SAMPLING PROGRAM 

2.1 SOILS 

Four hundred and thirteen soil samples were collected and examined during 

well drilling, soil boring, and hand auguring (Table 1). Twenty-five samples were 

selected from split spoon samples during well construction, soil borings, and shallow 

soil sampling. These were selected for chemical analysis on the basis of three 

criteria: organic vapor detections using the jar headspace test as requested by the 

Massachusetts DEP, analyses scheduled in the work plan, and/or observations of 

staining, odor, or other obvious signs of potential contamination. A total of seven 

soil borings were constructed, three at Site 1 and four at Site 2 and 18 samples were 

-1-
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Table 1 
Well Construction and Sample Analysis Summary 

Soil Groundwater Surface Water 

Screen Number of Number of Number of Number ot 
sa:gle Depth Length Samples Samples Sample samples Samples 
Nu er (Feet) (Feet) Collected Analyzed Type Analyzed Analyzed 

BG1B 77 . 0 15 32 w 1 
( BG1S 50.0 1 5 11 w 1 

MW1B 148.3 15 26 w 1 
MW1S 20.5 10 5 w 1 
MW2B 146.0 1 5 60 1 w 1 
}{W2S 32.5 10 7 1 w 1 
}{W3B 85.5 15 14 w 1 
MW3S 58.5 10 11 w 1 
MW4B 81.4 15 16 w 1 
MW4S 14.0 10 ) w Dry 
MWSB 91.5 15 16 w 1 
HW5S 27 . 0 10 6 1 w 1 
MW6B 84.5 15 47 w 1 
MW6S 16.0 10 4 w 1 
MW7B 54.0 10 22 w 1 

' HW7S 16.5 10 4 w 1 w MW8B 36.0 10 6 w 1 ' MW8S 17.3 10 4 w 1 
MW9B 40.0 10 7 w 1 
MW9S 16.0 10 4 w 1 

MW10B 88.0 15 16 w 1 
MW10S 17.5 10 4 w 1 
MW11B 110.5 15 21 w 1 
MW11S 20 . 0 10 4 w 1 

B-1 20.0 10 3 B 

( B-2 20.0 10 3 B 
B-3 20.0 10 3 B 
B-4 20.0 10 3 B 
B-5 20.0 10 3 B 
B-6 10 . 0 5 1 B 
B-7 16 . 0 8 2 B 

SS-1 2 . 0 1 HA 
SS-2 3. 0 1 HA 
SS-3 2.5 1 HA 
SS-4 3.0 1 HA 
SW-1 Surface sw 1 
SW-2 surface sw 1 
SW-3 Surface sw 1 
SW-4 Surface s w 1 

Total 413 25 23 4 

W = Monitoring Well 
B = Bon.ni 
HA = Hand ugering 
SW = Surface Water 
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collected with a split spoon sampler. Three shallow soil samples were collected by 

hand auger at Site 1 in order to evaluate the contamination potential on the steep 

slope of the ash disposal fill area. All samples were examined and described in the 

field. 

2.2 GROUNDWATER 

Twenty three groundwater samples (Table 1) were collected from a perimeter 

monitoring well network consisting of 12 well clusters containing two wells each. At 

each location, one well is screened at the water table and the other is in the upper 

zone of fractured bedrock. These wells were constructed in order to determine 

whether and the extent to which potential constituents may have migrated from near 

the surface to deeper levels. All of the deeper wells were cored at least 10 feet into 

bedrock. After all of the wells were installed and developed, the locations and 

elevations of the monitoring wells were surveyed. Water levels were measured on 

June 16, 1989 and the first round of water quality samples was collected by bailer · 

from June 21 to 27, 1989. Additional rounds of groundwater sampling remain to be 

conducted at this time. However, this memorandum contains only data from the 

first round in its assessments. 

2.3 SURFACE WATER 

Four water samples were collected at storm sewer outfalls and analyzed to 

evaluate potential constituent contributions to surface water quality from stormwater 

runoff . 

3.0 SITE CONDITIONS 

3.1 GEOLOGY 

Previously availaple information (Haley & Aldrich, 1987Y suggests that 

Hartwell Hill consists of a bedrock knob covered by 40 feet or less of unconsolidated 

glacial till. The findings of this investigation, however, indicate that the thickness of 

, Haley & Aldrich, 1987, Hanscom Air Force Base (Hanscom AFB) Remedial 
Investigation Interpretive Report. 

-4-
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the glacial sediments and the orientation and surface shape of bedrock are much 

different than was originally described. 

3.1.1 Fill Materials 

Fill material consisting mostly of brown subrounded sand and gravel covers 

major portions of NWIRP Bedford. Fill material in the northern portion of the site 

also includes black ash, wood, copper metal wire, cement blocks, and additional 

debris at monitoring wells MW3B and MW3S and at borings B-3 and B-4. 

Generally, fill materials average 10 feet on Hartwell Hill. However, up to twenty­

three feet of fill was encountered in the northern portion of the site at monitoring 

well MW3B, adjacent to the ash disposal area. The fill thins out to trace amounts 

in the southern region at monitoring wells MW8B and MW9B. 

3.1.2 Unconsolidated Sediments 

The northwestern portions of NWIRP Bedford are underlain by layers of. 

glacial till, up to 128 feet thick at monitoring well MWlB. These are dense, tight, 

mostly olive gray sands with alternating subangular gravels, silts and clays. Random 

two foot thick lenses of brown, well-sorted, coarse sand are found within the glacial 

till. The glacial till decreases in thickness to the south, pinching to 17 feet at 

monitoring well MW7B and disappearing at monitoring wells MW8B and MW9B. 

Brown, well sorted sand and gravel glacio-fluvial outwash deposits ranging from 19 

feet at monitoring well MW8B to 24 feet at monitoring well MW7B replace and 

overlay the glacial till sediments. 

A 7 foot thick light-gray, silty sand layer at monitoring wells MW8B and 

MW9B divide the glacio-fluvial outwash deposits in the southern portion of the site. 

This sequence may be correlated with light gray silts and clays of the lacustrine 

deposit that were identified to the south by Haley & Aldrich in their 1987 report. 

The sequence is absent to the north on Hartwell Hill at the other monitoring wells . 

3.1.3 Bedrock 

Bedrock consists of gray granodiorite, black gabbro diorite, and gneiss. Its 

depth ranges from 26 feet at monitoring well MW8B in the southern portion of the 

site to 136 feet at monitoring well MWlB in the northwestern portion of the site . 

-5-
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The bedrock surface forms a broad ridge trending northeast to southwest. 

This feature parallels and is roughly centered on Hartwell Road at NWIRP Bedford. 

The ridge slopes to the northwest and southeast under the site with the majority of 

NWIRP Bedford northwest of Hartwell Road overlaying the northwesterly slope of 

the bedrock ridge and the remainder overlaying the southwestern slope of its axis 

(Figure 1). 

Bedrock elevation is highest, 115 feet above mean sea level (msl), at 

monitoring well MW6B. It is above 100 feet msl at monitoring wells MW7B, 

MWBB, MW9B, and MW4B. The bedrock surface slopes sharply downward to the 

northwest in the northwestern portion of the site to 36 feet msl at monitoring wells 

MWlB and MW2B. Bedrock elevations are presented in Appendix A. 

3.2 GROUNDWATER 

Groundwater is supplied largely by precipitation that infiltrates at the land_ 

surface. Infiltrated water moves downward through unsaturated soils until it reaches 

the water table. Both glacial materials and bedrock beneath the water table are 

saturated. Glacial till, outwash sands and bedrock are in direct hydraulic contact 

with each other. As a result, groundwater can move between them downward or 

laterally toward areas where it is discharged, such as streams, wetlands, or wells . 

Water level data used to evaluate the configuration of the regional water 

table and groundwater flow directions were taken from three sources: measurements 

from wells constructed during this study, reports (primarily related to Hanscom AFB 

and the Hartwell Road Wellfield), and topographic map elevations of Elm Brook. 

The water table near Bedford NWIRP is typically 15 to 30 feet below the surface, 

and roughly follows the surface topography. Groundwater tends to move at right 

angles to the slope of the water table. The highest observed water table elevation, 

185 feet MSL, occurs in well MW6S near the peak of Hartwell's Hill. The water 

table slopes radially from this location, steeply to the north, south, and east and less 

steeply to the west. In lower areas to the south and east of the site, the water table 

is very flat joining an elevation of 120 feet msl in the area of Hanscom Field. 

Groundwater elevations are shown in Appendix A 
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Groundwater also has a considerable downward head gradient within the till. 

Water elevations in the bedrock wells are typically 10 to 25 feet lower than in wells 

near the water table. This large vertical gradient may be accounted for by the low 

vertical hydraulic conductivity of the till. At well sites MW8 and MW9, where 

materials above bedrock are glacial outwash sands, water levels in deep and shallow 

wells are essentially identical. Little vertical gradient exists in this area because 

the high hydraulic conductivity of these materials allows rapid equilibration of water 

levels. 

As indicated above, groundwater flows radially downward from the area 

around MW6 on Hartwell Hill (Figure 1). Groundwater at Site 1 and Site 2 appears 

to be flowing downward to the northwest, probably discharging to Elm Brook. At 

the western portion of the site in the vicinity of monitoring well clusters MWlO and 

MWll, groundwater flows to the west. At monitoring well clusters MW7, MW8, and 

MW9 located at the southern portion of the site, groundwater flows to the south ­

towards Hanscom AFB. At the eastern portion of the site in the vicinity of 

monitoring well cluster MW6 groundwater flows to the east towards Hartwell Road . 

4.0 DATA ANALYSIS 

4.1 SAMPLE ANALYSIS 

Samples collected during this investigation were submitted to CompuChem 

Laboratories Inc. for analysis. Samples were analyzed in accordance with 

appropriate EPA methodologies as identified in the Work Plan. However, during 

soil sample analysis, CompuChem Laboratories Inc. experienced equipment 

difficulties which necessitated analysis of P AH constituents using EPA Method 625 

for PP VOC instead of EPA method SW-846 as originally planned (PAH is a subset 

of the PP VOC analyses). Laboratory analysis results are summarized on tables 

provided in Appendix A. The following summarizes the analyses performed: 

0 Soil samples from the three borings at Site 1 were submitted for 

analysis of PP Total Metals and PP BNA The surface soil samples 

collected from the same site by hand auger were analyzed for PP Total 

Metals . 

-7-
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Soil samples collected from the borings in Site 2 were analyzed for PP 

VOC and 1PH. Samples collected from B-7 were also analyzed for 

PP BNA. 

The three soil samples collected from bore boles during monitoring 

well construction (sample MW-S-1 from MW2B at 22.5 to 23 feet deep, 

MW-S-2 from MW5S at 4.5 to 5 feet deep, and MW-S-3 from MW2S 

at 20 to 21 feet deep) as a result of positive jar beadspace test 

detections were analyzed for PP Total Metals, PP VOC, and TPH . 

Sample MW-S-3 was also analyzed for PP BNA 

All 23 shallow and deep groundwater samples were analyzed for PP 

VOC and PP Total Metals. Shallow groundwater samples were also 

analyzed for TPH. Select shallow and deep groundwater samples 

were analyzed for iron (Fe), manganese (Mn), and sulfates. 

The four surface water samples were analyzed for PP Total Metals and 

TPH. 

4.2 ANALYTICAL RESULTS 

All ~valuations related to groundwater quality and potential constituent 

impacts in this report are based on a single round of water samples. Consequently, 

findings must be considered preliminary and are subject to change after evaluation 

of the remaining three rounds of data have been completed. 

Where applicable, evaluation criteria were used to determine the seriousness 

of contamination. Criteria used to evaluate chemical data are identified in the Work 

Plan and include EPA and Massachusetts MCLs and health advisories (HA), EPA 

Ambient Water Quality Criteria (A WQC), and ranges of elements found in natural 

soils (as determined in the USGS Professional Paper 1270'f. Where criteria do not 

exist, detection of a compound above its detection limit is identified. Applicable, 

relevant, and appropriate requirements will be developed as the project progresses . 

The following sections summarize the results of data analysis . 

2 H.T. Shacklette and J.G. Boemgen, Element Concentration in Soils and Other 
Surficial Materials of the Conterminous United States, USGS Professional Paper 
1270, p. 6, 1984 . 

-8-
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4.2.1 Soil Samples 

4.2.1.1 Site 1 

For most soil boring and surface soil samples, metal constituents were well 

within normal ranges found in soils of the eastern U.S. Silver was detected in four 

samples (i.e., Bl,l, Bl,3, B2,1, and B2,3). This information indicates that potential 

PP metals are not elevated to levels of concern. 

PP BNA compounds were detected in two surface soil boring samples, B 1, 

1, and B3-1. Fluoranthene and Pyrene were detected in both samples at levels 

ranging from 440 to 720 ug/kg and 410 to 920 ug/kg, respectively. Sample B3-1 

contained the highest levels of BNA compounds (i.e., total BNA compounds = 7,970 

ug/kg). The most elevated compounds in sample B3-1 were benzo(a)pyrene (1,100 

ug/kg), benzo(k)fluoranthene (1,200 ug/kg), chrysene (1,100 ug/kg), and pyrene (920 

ug/kg). Trace levels of several other PP BNA compounds were detected in these . 

two samples as well as samples B2, 1 and B3-3. No criteria are available for 

evaluating organic constituents detected in soil samples . 

4.2.1.2 Site 2 

PP VOC compounds were only detected in one soil boring sample . 

Chloroform was detected at a level of 6 ug/kg in sample BS-3. (Methylene chloride 

was detected above the detection limit in most soil including laboratory sample 

blanks and is likely a laboratory contaminant.) 

One PP BNA compound, Bis(2-Ethylhexyl)phthalate, was detected in samples 

B7-1 and the duplicate of B7-2 at levels of 710 and 770 ug/kg, respectively, and was 

also detected at trace levels in sample B7-2 . 

TPH constituents were detected in all the soil boring samples at levels ranging 

from 35 to 620 mg/kg. The highest TPH levels were detected in samples B6-1 

(collected at the surface from B,6), B5,2 (collected at 12 feet from B-5), and B4-

1 (collected at 2 feet from B-4) . 

-9-
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4.2.1.3 Other Areas 

Soil samples collected in other areas of the site include the three soil samples 

collected from monitoring well boreholes. Laboratory results for these samples are 

summarized below: 

o Metal constituents were well within the normal range of metals found 

in soils of the eastern U.S. 

o PP VOC compounds were not detected . 

0 

0 

No PP BNA compounds were detected in sample MW-S-3. 

TPH constituents were detected in two of the soil samples, MW-S-2 

(MW5S) and MW-S-3 (MW2S), at 340 and 33 mg/kg, respectively. 

4.2.2 Groundwater 

4.2.2.1 Shallow 

PP VOCs were detected in five of the eleven shallow groundwater samples 

collected (i.e., MW1S, MW2S, MW5S, MW8S, and MW11S). Trichloroethylene and 

1,2-dichloroethylene were the most prevalent compounds detected and ranged from 

10 to 850 ug/1 and 23 to 160 ug/1, respectively. Other compounds detected include 

1,1-dichloroethane (BDL to 160 ug/1), 1,2-dichloroethane (17 to 19 ug/1), 1,1-

dichloroethylene (17 to 680 ug/1), methylene chloride (BDL to 21 ug/1), 

tetrachloroethylene (BDL to 130 ug/1), and 1,1,1-trichloroethane (BDL to 450 ug/1). 

The highest levels of PP VOCs were detected in MW-llS. Trace levels of 

trichloroethylene were also detected in sample BG1S. EPA/MA MCLs or HAs 

were only available for these compounds, as follows: 1,2-dichloroethane, 5 ug/1; 1,1-

dichloroethylene, 7 ug/1; methylene chloride, 150 ug/1; tetrachloroethylene, 5 ug/1 

(proposed); 1,1,1-trichloroethane, 200 ug/1; trichloroethylene, 5 ug/1; and 1,2-

dichloroethylene 70 ug/1 (proposed for each isomer, Cis and Trans). (Criteria are 

not available for the remaining PP VOCs detected in groundwater.) 

TPH constituents were detected in three of the eleven shallow groundwater 

samples collected (i.e., MW-lS, MW-9S and MW-lOS) at levels slightly exceeding 

analytical detection limits (from 1 to 2.5 mg/1). (Criteria do not exist for evaluating 

TPH constituents detected in groundwater.) 

-10-
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Most PP Metal constituents were not elevated above the EPA/MA MCL/HA 

criteria in either the filtered or unfiltered shallow groundwater samples. For filtered 

samples, antimony was detected in only one sample (i.e., MW-llS) at a level of 40.6 

ug/1. (There are no criteria available for evaluating antimony in groundwater.) For 

unfiltered samples, antimony was also detected in the MW-lS duplicate sample at 

41.1 ug/1. Also for unfiltered groundwater samples, chromium was elevated above 

the EPA/MA MCLs in two groundwater samples (i.e., MW-1S and MW-9S) at levels 

ranging from 123 to 558 ug/1, arsenic was elevated in one sample (MW-9S) at a level 

of 234 ug/1, and lead was elevated in one sample (MW-lS) at a level of 188 ug/1. 

(The EP A/MA MCLs for chromium, arsenic, and lead are all 50 ug/1. 

Ten filtered shallow and deep groundwater samples were submitted for 

analysis of iron, manganese and sulfates. Iron exceeded the secondary EPA MCL 

(300 ug/1) in only one sample. Sample BG lS contained 366 ug/1 of iron. 

Manganese was elevated above the secondary EPA MCL (50 ug/1) in eight of the· 

groundwater samples. Manganese levels ranged from 98.0 to 782 ug/1. Sulfates 

were not elevated above the secondary EPA MCL (250 ug/1) in any of the 

groundwater samples. 

4.2.2.2 I>e~I> 

PP VOCs were detected in two of the twelve deeper groundwater samples 

collected (i.e., MW-5B and MW-8B). Trichloroethylene and 1,2-dichloroethylene 

(total) were detected in both of these wells at levels of 42 to 230 ub/1 and 10 to 78 

ug/1, respectively. EPA MCl.s for these compounds are 5 ug/1 for trichlorethylene 

and 70 ug/1 (proposed) for each of the 1,2-dichloroethylene isomer (Cis and Trans). 

No other PP VOCs were detected in the deeper wells . 

Most PP Metal constituents were not elevated above the EP A/MA MCL/HA 

criteria in either the filtered or unfiltered deep groundwater samples. Chromium 

was detected in the duplicate of one unfiltered groundwater sample (i.e., MW-3B) 

at a level of 53.8 ug/1, which is elevated above the EP A/MA MCL (i.e., 50 ug/1) . 

No other metal constituents were elevated . 
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4.2.3 Surface Water Runoff 

Copper, lead and zinc were detected above the A WQC criteria in three of the 

surface water samples (SW-2, SW-3, and SW-4). Copper was detected at levels 

ranging from 31.1 to 212 ug/1 in these samples, lead was detected at levels ranging 

from 7. 7 to 33.4 ug/1, and zinc was detected at levels ranging from 154 to 211 ug/1. 

(The AWQC for copper, lead and zinc are 12, 3.2 and 110 ug/1, respectively.) 

Arsenic was detected in two surface water samples (i.e., SW-2 and SW-4) at levels 

of 52 and 5.1 ug/1, respectively. (An AWQC is not available for evaluating arsenic 

in surface water.) 

No PP VOC compounds were detected in the surface water samples. 

TPH was detected at low concentrations in two surface water samples (i.e., 

SW-3 and SW-4) at 1 and 1.1 mg/1, respectively. These concentrations are very close 

to the analytical detection limits. (Criteria are not available for evaluating TPH_ 

constituents in surface water.) However, NPDES discharge limits for TPH are 10 

mg/l. 

4.3 CONTAMINATION ASSESSMENT 

4.3.1 Site 1. Old Incinerator Ash Disposal Area 

The major potential constituents of concern at Site 1 as expressed by the 

Initial Assessment Study were related to metals which may have been generated 

from incinerator ash and paint waste disposal. Chemical analyses performed on soil 

samples indicate the presence of silver, which is not typically found in soils. Silver 

was only detected in samples collected from Site 1 borings which indicates that the 

incinerator ash deposits are the likely source. Lead and other paint related metals 

were below concentrations normally found in soils. Consequently, incinerated paint 

wastes are not likely to be major contributors to metal constituents . 

Groundwater flow from Site 1 is towards wells MWl, MW2 and MW3. 

Chemical analyses performed on samples from these wells indicate that dissolved 

3 Rogers, Golden and Halpern, Initial Assessment Study Naval Weapons 
Industrial Reserve Plant, Bedford, Massachusetts, Naval Energy and Environmental 
Support Activity 13-099, April 1986 . 
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heavy metal constituents are not being mobilized from the site at levels of concern 

since no metals were detected above MCLs in filtered groundwater samples. 

Chromium and lead (above MCI..s in well MWlS) and silver (below MCI..s in wells 

MWl and MW3) were detected in unfiltered groundwater samples. However, the 

presence of these constituents are attributed to minor amounts of suspended 

sediment due to their absence in the filtered samples. 

Soil and groundwater samples at Site 1 were also analyzed for organic 

constituents. PP BNA compounds were detected primarily in the shallowest soil 

boring samples. This seems to indicate that they originated from the overlying 

asphalt pavement through which the borings were constructed. 

Chlorinated organic compounds (TCE and 1,2 Dichloroethylene) were 

detected in shallow groundwater (wells MW1 and MW2) and TPH was detected in 

MWl. The chlorinated organic constituents are commonly associated with paint 

solvents, thinners and degreasing agents. Three septic fields are located in the -

immediate vicinity of these two wells and may be major potential sources. 

Automotive shop operations are situated very close to MWl and may have 

contributed constituents to the wells. Groundwater flows toward the wells from two 

old UST locations and from Site 2. Leaks from USTs and constituents m 

groundwater at these locations may have also contributed to MWl and MW2. 

4.3.2 Site 2. Components Laboratozy Fuel Oil Tank 

Two borings were originally planned and installed in this area to investigate 

potential impacts from a leaking UST, located on the northeast corner of the 

Components Laboratory. Two additional borings were installed during field 

activities. This expanded the area of investigation when it became apparent that the 

disturbed area around a downgradient buried pipeline had intercepted a portion of 

the migrating material. In addition, a soil sample collected from MWSS which is 

situated to the northeast, was submitted for analysis. 

Site 2 is located very close to the groundwater divide. As a result, 

groundwater flows in several directions from the area, toward the northwest, east, 

southeast and southwest. TPH analyses performed on soil samples indicate that the 

higher concentrations of constituents in surface soils are southeast of the UST 
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location. In deeper soil and groundwater samples, the concentrations are greatest 

northeast of the UST location. The original discharge which raised concern about 

the site is to the northwest. The sample collected from outfall SW4 which receives 

runoff from areas east of the Components Laboratory also contains slightly elevated 

TPH concentrations. 

The distribution of these locations indicates that petroleum related materials 

have migrated extensively in the soils of this area and that the greatest 

concentrations were identified to the southeast. The most likely source is the UST 

of concern, however, two other possible sources located in the site may have also 

contributed constituents. These include an old UST location situated east of the 

AMRAD Building and surface runoff that flows northeast from the Components 

Laboratory and AMRAD Building. Though numerous potential groundwater 

flowpath directions exist, no evidence indicates that migration is occurring . 

Consequently, it appears to be a soil problem at this site . 

Elevated concentrations of PP VOCs were also identified at the site which 

are related to chlorinated organic solvents. The greatest concentrations are in 

groundwater samples (shallow and deep at MWS) located east of the Components 

Laboratory. The most likely potential source is disposal from the paint shop. This 

is located in- the eastern side of the Laboratory at a location upgradient from where 

the solvents were detected . 

4.3.3 Other Source Areas 

Constituents were detected in three other well locations that cannot be 

directly linked with sources at Sites 1 or 2. These include the following: 

0 Fli&ht Test Facility and Hancer: PP VOCs related to chlorinated 

organic solvents were detected in shallow and deep groundwater 

samples collected from MW8, TPH was detected in MW9S, and arsenic 

and chromium were elevated above the MCLs in unfiltered 

groundwater collected from MW9S. Potential sources at this location 

include the Fire Training Area to the northeast and aircraft 

maintenance activities, a number of current and old UST locations, and 

a hazardous materials and waste storage facility to the north . 
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Groundwater in this area flows toward the south and wells MW8 and 

MW9 are situated along the NWIRP Bedford's southern perimeter. 

The outfall at sample location SWl receives stormwater runoff from 

most locations upgradient from MW9. No constituents were detected 

in SWl. The stormwater outfall for areas directly upgradient of MW8 

discharge from the outfall at sample location SW3. SW3 contained 

TPH and levels of copper, lead, and zinc that were above the A WQC. 

The significance and segregation of a specific potential surface source 

is difficult to determine due to the limited data . 

Photocopy and Print Shop: Well MWll is situated south of the print 

shop. The greatest concentrations of PP VOCs related to chlorinated 

organic solvents identified at NWIRP Bedford were detected in the 

shallow groundwater sample collected from this well. Runoff or waste 

disposal from print shop activities and/ or flow from Site 2 are possible · 

sources of the constituents. Groundwater flows from east to west 

through this area . 

o Components Laboratory: The most elevated concentrations of TPH 

were detected in MWlOS. This site is situated west·southwest of the 

Components Laboratory in close proximity to and downslope from the 

large asphalt parking lot. It is most likely that these constituents 

originate from infiltrating parking lot runoff. 

Unfiltered surface water samples collected at outfall sampling points 

SW2 and SW4 contain concentrations of arsenic, copper, lead, and zinc 

which were elevated above A WQC. These outfalls receive drainage 

from areas east and south of the Components Laboratory. It is 

probable that suspended sediments transported to the site account for 

the elevated constituents. 

4.3.4 Occurrence of Iron. Manganese and Sulfate 

Five monitoring we1llocations were sampled and analyzed for dissolved iron,­

manganese, and sulfates (wells BG-lS, BG-lB, MW-lS, MW-lB, MW·2S, MW-2B, 

MW-3S, and MW-llB). Iron was elevated above the secondary MCLin one well 
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(BG 1 ), manganese was elevated above the secondary MCLin all wells sampled, and 

sulfates were below the secondary MCL in all samples. Concentrations were 

comparatively greater in the shallower wells. 

Elevated concentrations of manganese and iron are common in the glacial 

soils of northeastern U.S. and are generally present in groundwater. The range of 

iron detected at NWIRP Bedford (64.3 to 366 ug/l) is within reported natural 

concentrations (100 to 50,000 ug/1) and is considerably less than comparable values 

at the Hartwell Road Wellfield (720 to 4700 ug/l'f. Manganese and sulphate 

concentrations at the two locations are generally equivalent. Manganese is usually 

present at levels less than 200 ug/l; at NWIRP Bedford detections are 98.9 to 782 

ug/1 and at the Hartwell Road Wellfield they are 570 to 610 ug/l. Sulfate 

concentrations at NWIRP Bedford are 19 to 42 mg/1 and at the Hartwell Road 

Wellfie1d they are 35 to 48 mg/1. 

5.0 RISK ASSESSMENT 

The methodology of this preliminary Risk Assessment generally follows 

guidance provided by EPA, in particular, the Superfund Public Health Evaluation 

Manuar and the Superfund Exposure Assessment ManuaY. The risk evaluation is 

based on only one round of environmental sampling and should be considered 

preliminary. 

•c.A. Lindberg and J.E. Ayres, Volume I - Geohydrologic Study Systems 
Laboratory Raytheon Bedford, Goldberg-Zoino & Associates, File No. A-7761.21, 
December 1988. 

5T.F. Cheyer, Report on Pumping Test at Well No. 29 Near Hartwell Road, 
Camp Dresser & McKee, Inc., January 2, 1981. 

6 U.S. Environmental Protection Agency (USEPA), Superfund Public Health 
Evaluation Manual, EPA 540/1-86/060, Office of Emergency and Remedial 
Response, Washington, D.C., 1986a . 

7U.S. Environmental Protection Agency (USEPA), Superfund Exposure 
Assessment Manual, EPA/540/1-88/001, Office of Remedial Response, Washington 
D.C., April, 1988 . 

-16-



• 

• 

-
-
.. 
• 

-
-
• 

• 

• 

-
• 
• 
• 
• 
• 
.. 
• 

5.1 CONSTITIJENTS OF CONCERN 

The principal constituents of concern at NWIRP Bedford are the chlorinated 

organic solvents detected in groundwater throughout the installation, specifically: 

trichloroethene, 1,2-dichloroethane, 1, 1-dichloroethene, 1,2-dichloroethene, 1, 1,1-

trichloroethane, and tetrachloroethene. These chlorinated solvents were detected 

in five shallow monitoring wells and two deep monitoring wells at concentrations 

that are not acceptable based upon their exceedances of EPA/MA MCI..s. 

Other constituents detected at elevated levels include PP BNA compounds 

in soil at Site 1, petroleum hydrocarbons in soil at Site 2, chromium and arsenic in 

groundwater from MW9S, and chromium and lead in groundwater from MW1S. 

These compounds are not considered a concern because of generally low toxicity 

(Public Health Risk Evaluation Database, 1988) and lack of potential human 

exposure (petroleum hydrocarbons); adequate containment (PP BNAs); and lack of 

mobility (metals in unfiltered samples that were not detected in corresponding 

filtered samples). 

5.2 POTENTIAL RECEPTORS AND EXPOSURE PATHWAYS 

The potential receptors to constituents detected at NWIRP Bedford consist 

of personnel on or offsite who may come in contact with the above listed 

contaminants of concern. 

The primary potential exposure pathway to hazardous constituents detected 

at NWIRP Bedford is ingestion of contaminated groundwater, either by onsite 

personnel or by offsite personnel. Currently, this exposure pathway is not complete 

as no drinking water wells are known to exist onsite. However, offsite receptors exist 

that may potentially consume contaminated groundwater originating from NWIRP 

Bedford. These potential receptors include people residing approximately one-half 

mile to the northwest of NWIRP Bedford on Hartwell Road. Nonhuman 

environmental receptors are not likely to be impacted by the constituents detected 

at NWIRP Bedford . 

-17-



• 

-
-
-
-
• 

• 

-
• 
• 

-
• 
• 
• 

• 

• 
• 
• 

5.3 PUBLIC HEALTH EVALUATION 

Although no receptors are known to currently exist that are exposed to 

constituents at NWIRP Bedford, the possibility exists that in the future wells could 

be installed in contaminated groundwater or that the extent of contamination could 

impact existing drinking water offsite wells. To assess this potential public health 

risk a conservative, preliminary calculation of exposure and the resulting risk was 

performed. Using the concentrations of chlorinated solvents detected in the 

monitoring wells, a simple exposure scenario of an adult drinking 2 ltr /day of 

groundwater over a 70 year exposure time, and EPA published health effects criteria 

(Integrated Risk Information Systemf, a maximum carcinogenic risk was estimated 

for exposure to groundwater from MWllS of 1.2 x HT2 (see sample calculation 

below). This carcinogenic risk is in excess of the acceptable range of w-• to w-e 
prescribed by EPA. 

Sample calculation (based on a single analysis of groundwater from MW11S): 

contaminant intake (mg/kgjday) = [groundwater contaminant concentration 
(mg/1) x groundwater ingestion 
(ltr/day)]/adult body weight (kg) 

· k f 11 d' hl h 0·68 
X 

2 194 1rr2 mta e o , - 1c oroet ene = 70 = . x v 

(Same calculation for other potential carcinogens.) 

risk = [intake x potency factor (mg/kg/daytJ 

risk from 1,1-dichloroethene = 1.94 x 1<T2 x 0.6 = 1.17 x 1<T2 

(Total risk is sum of risks posed by exposure to all potential carcinogens.) 

8 U.S. Environmental Protection Agency (USEPA), Integrated Risk Information 
System (IRIS), 1989a . 
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6.0 CONCLUSIONS 

The bedrock surface under Hartwell Hill forms a buried ridge trending 

northeast to southwest, sloping sharply downward to the northwest. It is overlain by 

till, up to 128 feet thick. Outwash sediments, 17 feet thick, occur to the south. 

A single aquifer exists at the site in which groundwater has a downward head 

gradient. Flow is radial from a central location in the vicinity of the Components 

Laboratory. The water table gradient is steeply inclined to the north, south, and east 

and is gentler to the west. 

The distribution of constituents include the following: 

6.1 SOLVENTS 

6.1.1 Distribution 

o Solvent related detections in soil at sampling points were very minor. -

0 

0 

0 

0 

In groundwater, 1,2 dichloroethene and 1, 1,1 trichloroethene were 

detected at widely distributed locations. Perimeter well detections 

occur in the north, south, east, and west. 

Concentrations appear to be greatest in shallow groundwater. The 

most heavily contaminated well is MWll (e.g., TCE 850 ppb). Wells 

MWl, MW2, and MWll contain solvents in only the shallow 

groundwater. Wells MWS and MW8 contain solvents in both shallow 

and deep groundwater indicating that at these points contamination 

may be more widespread. The remaining wells contain no solvents . 

Solvents were not found in surface water runoff. 

The concentration of chlorinated solvents in groundwater at the site 

poses a potential health risk. 

6.1.2 Source Relationships 

0 The near absence of solvents in soil together with their presence in 

groundwater indicates that sources were upgradient and could only be 

inferred from the downgradient location of contaminated groundwater . 

-19-



• 

• 

-
-
-
• 
• 

• 
• 

• 

• 
• 
• 

• 
• 
• 

• 
• 
• 

0 

0 

0 

0 

0 

0 

Groundwater detections appear to be part of a solvent mixture which 

may have originated from multiple sources due to their distributions 

and variable constituent combinations present at well sites. However, 

the long groundwater flowpaths extending radially from MW6 towards 

Site 1, Site 2, MW 11, or MW8 make it impossible to determine if 

potential sources are close, distant, or mixtures. 

Detections in Site 1 are in the vicinity of abandoned septic fields and 

the automotive shop, but, they are also downgradient of Site 2 . 

The southern plume associated with MW8 is in close proximity to the 

Hanscom AFB Fire Training Area which has documented TCE 

detections of 48,000 ppb. However, other potential sources also exist 

which could be associated with activities to the north . 

The western area associated with MWll is close to the print shop,_ 

however, it is also downgradient from Site 2 . 

MWS is also downgradient of Site 2 and could be associated with the 

paint shop or other activities in the Components Laboratory . 

The extent of migration beyond NWIRP Bedford could not be 

determined since groundwater sampling points downgradient from wells 

containing constituents are unavailable . 

6.2 PETROLEUM RELATED 

0 

0 

0 

Groundwater TPH concentrations, where noted, were in very low 

concentrations at or near detection limits . 

Though present at other locations, the petroleum related constituents 

were noted primarily in soils at Site 2. TPH concentrations were 

elevated in both shallow and deep soils at this site, however, they 

were not noted in associated groundwater. This indicates that 

migration, if it has occurred, is limited. 

TPH concentrations in groundwater were also slightly elevated (2.5 

mg/1) at well MWlOS which probably originated from infiltrating 

parking lot runoff . 
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6.3 PP METALS 

o PP metal constituents are not a problem. Soil and groundwater 

concentrations (unfiltered) in Site 1 are generally low and constitute 

no health risk due to their isolation from human exposure. 

0 Metals concentrations exceeded A WQC at three outfalls for copper, 

lead and zinc. 

7.0 RECOMMENDATIONS 

Based on evaluation of the first round of sampling, (i.e., over and above the 

continuation of three more sampling rounds) Dames & Moore is of the opinion that 

additional sampling and site assessment is required. Dames & Moore's 

recommendations are as follows: 

7.1 SITE ASSESSMENT AND RECORDS REVIEW 

Due to the detection of chlorinated hydrocarbons in several groundwater 

samples, additional assessment of the site should be conducted in order identify 

potential sources. This assessment should include the following: 

7.2 

o Conduct a site assessment of all potential contributors of chlorinated 

hydrocarbons, including paint shops, print shops, automotive shops (or 

other maintenance shops using degreasers) and laboratories. 

0 Review engineering drawings for septic fields to determine if potential 

source areas drained into any of the septic fields . 

CHANGES TO SAMPLING PLAN. ROUNDS 2 THROUGH 4 

0 Dames & Moore recommends that either PP VOC (EPA Method 624) 

or purgeable halocarbons/hydrocarbons (EPA Methods 602/601) be 

conducted on all groundwater samples (deep and shallow). EPA 

Method 624 is used to screen the constituents present. After the suite 

of constituents has been identified, a determination should be made 

to insure that all constituents are included in the EPA Method 601/602 
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analyses. If they are, the latter methods should be conducted to refine 

tbe concentrations since these tests have lower detection limits. 

Surface water samples need only be analyzed for metal constituents 

during tbe remaining rounds since other tested constituents were not 

noted. 

ADDITIONS TO SAMPLING PIAN 

Additional soil borings, monitoring wells, and a soil-gas survey are 

recommended at various locations on the site in order to better delineate the extent 

of constituents, to isolate sources, and to identify migration characteristics (Figure 

2). Unless otherwise specified, additional sampling should be conducted following 

the same protocols used for the initial sampling. The following is recommended: 

7.3.1 Soil-Gas Survey 

A active soil-gas investigation is proposed to preliminarily screen the· 

distribution of solvent constituents at NWIRP, Bedford. The results would be used 

to assist in locating additional soil borings and monitoring wells . 

The survey would be conducted in two locations (Figure 2). Soil gas-samples 

would be extracted from the subsurface and analyzed in the field at the time of 

sample collection (in contrast to a passive method which requires later analysis). 

The samples would be collected using a 100 foot grid with the grid being adjusted 

in the field as data is acquired, plotted, and evaluated in order to define the 

contamination extent. 

7.3.2 Soil Samples 

0 Additional soil borings are recommended at Site 2 in order to evaluate 

the extent of fuel constituents. Soil samples should be analyzed for 

pp voc. 
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Based on the information gathered during the site assessment, 

additional borings may also be required in areas of the NWIRP 

Bedford site in order to assess the extent and source location of 

chlorinated hydrocarbons. This may include the following four areas: 

the septic fields and automotive shop around Site 1, the paint shop at 

Site 2, the photocopy and print shop near MWll, and the area near 

the Flight Test Facility and Hanger. For each site requiring soil 

sampling, Dames & Moore recommends the samples be analyzed for 

pp voc. 

The exact location of the sampling points would be based on 

evaluations of the soil-gas survey and findings from other data sources. 

7.3.3 Monitoring Wells 

0 

0 

Three sets of shallow and deep groundwater monitoring wells are. 

recommended at the following approximate locations: 120 feet north 

of the Components Laboratory aligned between MW6 and MW1; 160 

feet west of the Components Laboratory aligned between MW5 and 

MWll; and 100 feet west of the HAWK Building up gradient of MW8 

· (or as an alternative, 150 feet northeast of MW8 towards the fire 

training area if this appears to be the source of the constituents 

indentified). The exact location of the sampling points would be based 

on evaluations of the soil-gas survey and findings from other data 

sources. These sites occupy intermediate positions between potential 

solvent sources that lay along the same groundwater flowpaths. Data 

from them would enable the identification and differentiation of 

potential solvent contributor areas at well locations where detections 

have occurred . 

A shallow monitoring well should be installed to replace well MW4 

which is dry. This is recommended to provide a sample which can be 

evaluated for petroleum and solvent migration. When MW4S was 

drilled, water was encountered at approximately 10 feet. It was 

subsequently determined after installing the well that this water was 
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perched, of limited volume and did not recharge after purging . 

According to data from other shallow monitoring wells in the vicinity, 

groundwater will probably be encountered at approximately 35 feet 

from the surface. Therefore, the well should be reconstructed to 

intercept the actual water column. Well MW4 should be properly 

abandoned. 

Two sets of shallow and deep groundwater monitoring wells are 

recommended at locations approximately 300 feet downgradient of 

MW2 and MWll. This is recommended to evaluate the extent of 

migration to offsite locations. It is recognized that these wells would 

not be on Navy owned property and that special access approvals 

would be required . 

ASSESSMENT OF SURROUNDING SITES 

In order to evaluate the impact of the NWIRP Bedford site on surrounding 

properties, Dames & Moore recommends that a thorough assessment be performed 

of all data and evaluations that were conducted on surrounding properties, including 

Raytheon, Bascom AFB, and Hartwell Road Well Field. Additionally, in order to 

evaluate gr<?undwater conditions and movement, simultaneous groundwater level 

measurements should be taken for all wells located within 1 mile of the NWIRP 

Bedford site, including those sites discussed above . 
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'-' Table A-1 ~ • surface, Bedrock, and Groundwater Elevations 
NWIRP, Bedford, MA 

• 
WELL SURFACE BEDROCK cw Elev. cw Elev. 

Number Elevation Elevation 7/09/89 10/10/89 
(Feet msl) (Feet msl) (Feet msl) (Feet msl) - ----------------------------------------------------------------------

BC1B 199.2 131 .7 158 . 12 155 . 53 
BC1S 199 . 2 169 . 24 174.31 
MW1B 172.2 36.2 123 . 31 147 . 92 - MW1S 172.0 160 .97 160.60 
MW2B 168.9 35.9 118 .75 117. 30 
MW2S 168.9 146 . 49 146 .44 
MW3B 171 .5 96.0 120 . 37 119.17 
MW3S 171.5 136 .44 135.40 - MW4B 176 .0 103.0 121 . 93 121 . 47 
MW4S 175.8 DRY DRY 
MW5B 186.0 104.5 151 .34 155.01 
MW5S 184.9 166.55 165.36 

• MW6B 189 . 4 115.4 135.19 133.06 
MW6S 189.6 184.78 181.01 
MW7B 153.7 109 .7 130.21 129.45 
MW7S 153 .7 142 .02 139.68 
MW8B 132. 1 106 . 1 122.56 121 . 87 • MW8S 132 .0 122 .23 121.48 
MW9B 131 .9 101 .9 123.00 122. 11 
MW9S 132.7 122.70 121 . 94 

MW10B 162.0 85 . 0 145 . 40 142 . 90 

• MW10S 161 .8 154.07 152.68 
MW11B 166.5 66.0 124.62 125 . 21 
MW1 15 166.8 153.25 154.20 .. 

• 

• 

• 

• 

-
-
• 
.. 
• 
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Table B- 1 
Analytical Results for PP Metals . PP BNA . Percent Sol Ids . and Percent Moisture 

in Soi I Boring Samples Collected at Site 1. NWIRP. Bedford . MA 

SMIPLE 10 
SAMPL INO DEPTH 

PP Metal ( .. /kg) 
Af Jenlc 
Beryl I lUI 
Chra.hlll 
CCJC>per 
Lead 
Nickel 
Sliver 
Zinc 

PP 8NA (Ug/kg) 

., -' 
0 

5. l II 
0 .41 II 

u 
16 . 7 

17 
u 

) . 1 

117 

Acenaphthylene BDl 
Anthracene DOl 
Benzoca>anthracene 140 
aenzoca>pyrene 19 
aenzo(b)IIU<Nanthene 170 
aenzoco.h.l)perylene 110 
Benzo(k)fluoranthene 110 
biJ(1·£thylhexyl )phthalat 41 
Chrysene 190 
Dlbenzo<a .h>anthracene BOl 
1,1-Dichlorobenzene 80l 
Fluoranthene 440 
Fluorene 8Dl 
lndeno(1 , 1.l·Cd)pyrene 140 
Phenanthrene 140 
Pyrene 410 
4-Nitrophenol JOO 
4-Chloro- J-.ethylphenol 41 

Percent Solids 90 .4 
Percent MOIJture, undecanted 10 

81 · 1 
6 

11·) 
16 

11·1 
4 

81·1 
10 

4 . 7 4 5 .6 () 5.5 
0 . 5 II o . !U II 0 . 5 II 0 . 55 

]] . 5 19 .6 10 . 9 11 . 1 
U . l U 17 16 . 5 
7 .7 4.5 7 . 6 6 

14 . 1 11 .1 1) . ) 1) 
o . 55 u 0 .66 II 7 .7 o . 5l u 
40 . ) 54 . 1 91 . l )7 • 9 

80l 
80l 
BOl 
BOl 
BOl 
80l 
BOl 
BDl 
80l 
BOl 
80l 
BDl 
8Dl 
8Dl 
BDl 
BDL 
8Dl 
BOl 

19 

" 

80l. 
80l. 
801. 
8Dl 
80l. 
IIOl 
8Dl 
8Dl 
801. 

8Dl 
8Dl 

8Dl 
80l. 
IIOl 
801. 

80l 
80l 
IIOl 

90 .1 
10 

80l 
80l 

56 
80l 
80l 
BOl 
BOl 

41 
75 

BOl 
IIDl 

71 
BDl 

80l 
45 
11 

BDl 
8Dl 

11 .6 
11 

BDl 
80l 
BDl 
80l 
BOl 
BOl 
80l 
80l 
BDl 
DOl 
BDl 
BDl 
BDl 
BDl 
BDl 
BDl 
BDl 
BDl 

91.6 
I 

PP ·Priority Pollutant . BNA- BIJe/Neulrai/Acld ExtractlbleJ 
BDl · Below oetect I on Ll•l t 
~/kg- •llllora~J per kllogra• 
ug/kg · •lcrogrtMJ per kilograM 

SIMPle QuallllerJ : 

IJ·J 
15 

1)·1 
0 

ll-1 
J 

4.7 7 . 7 9 . 5 
0 . 51 II 0 . 41 II o . 5 II 
1) . ] 17 .7 14 .6 

17 1) . 1 10 
4 . 1 14 . 1 7 . 1 

11 . 1 11 .7 1 . 6 
16 . 5 0 . 5) u 0 . 54 u 

45 )0 .4 ]6 .1 

8Dl 
DOl 
BDl 
BDl 
BDl 
BDl 
BOl 
BDl 
80l 
80l 
8Dt 
8Dl 
BOl 
8Dl 
BDl 
BDl 
80l 

BDl 

11 .1 

" 

160 
7J 

740 
1100 

690 
460 

1100 
51 

1100 
190 
HO 
710 
t9 

450 
590 
910 
80l 
8Dl 

91.1 
9 

80l 
801. 

80l 
80l 
80l 

80l 
80l 
80l 
80l 

80l 
80l 
80l 
80l 
80l 
80l 
80l 
BDl 
BDl 

90 . 6 
9 

.,., 
4 

7. 1 
o . 51 II 
11 . 7 
9 .1 

11.1 
6 . 5 

0 . 55 u 
19.) 

41 
80l 

97 I 
110 I 
110 • 
111 

uo J 
80l 
150 
BDl 

60 
100 
BOl 

74 
71 

150 
BDl 
DOl 

t9 . 4 

" 

Delectlon 
ll•l ts for 

pp tiNA 

no 
J70 
no 
)70 

370 
l70 
lJO 
370 
)70 

J70 
l70 
JJO 
no 
no 
no 
no 
no 
l70 

I J • Analyte was detected above lhe lnstru.ent detection 11•11 (IDl) but below the contract required detection liMit (CRDl) . 
B · Analyle WIJ detected In laboratory blank. 
J • Estt .. ted concentration or analyte which Is present but at a concentration less.than the Jtated detection liMit . 
u ·Analyzed for but not detected. reported value Is detection liMit . 

I I 

occurrence of Metals 
In E11tern u.s . soils 
... n aanoe 

7 . 4 
0.15 

51 
u 
17 
u 

51 

t0 . 1·7l 
... 1 

1 • I . 000 
.. - 100 

t10 • JOO 
c5 • 100 

c5 • 1.900 

I 

( 

( 
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Table B-2 
Analytical Results for PP Metals and Percent sol Ids 

in surface Soi I Samples Collected from Site 1, NWIRP , Bedford . MA 

SMf>LE 
co. 

SAMLINC OEPlH 

pp Metalt (Mg/kg) 
Aoenlc 
Beryl I liMa 
ChrOIIIIIMa 
cooper 
tud 
Nickel 
Zinc 

Percent solldt 

CO. • ca.p~ Sa~ I e 10 
PP - Priority Pollutant 

SS·1 
168413 

0 

5 . 6 
o." u 
11 .9 
U . l 
4 . 1 
!1 . 4 I I 

,. . l 

t9 . 4 

•glkg - Mllltgra•t per kllotr .. 
sa~le Qualifiers 

SS· 1 
1614H 

0 

4 . 7 
o. 10 u 
1.9 
9 . 1 
) . 6 
s . l I) 

11 . 7 

91 . 6 

SS - 3 SS · 4 occurrence or .etals 
l684U 1614U In Eattern u .s . sol It 

0 0 Mean Range 

!1.!1 4 .6 7 . 4 co . ' - ll 

o ." u o . 10 u 0 .15 • 1 - 7 
10 I .S 51 ' . 1 .ooo 

tl.9 9 . 1 11 ., . 700 
5 .9 1. 9 17 no - loo 
4 . 1 u ] .9 u 11 , , • 700 

13 . s 15 .4 Sl ., • 1.900 

89.6 9) .6 

I I • Analyte wat detected abOve the lntlru.ent detection ll•lt (tOl> but bel~ the contract required 
detection ll•lt (CROL). 

u · Analyzed lor but not detected. reported value'' detection 11•11 . 

I I I I 

< 

( 
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Table B-3 
Analytical Results for PP VOC, PP BNA, TPH. and Percent Moisture 

in Soi I Boring Samples Collected at Site 2, NWIRP, Bedford. MA 

SAIPU 10 84-1 84-1 84· ) BS-1 
SAaPliN:: O£PTH 1 10 11 • 

PP IIOC (ug/kg) 
Chlorofor• 1 I 8 1 I 1 I 1 J 
Melhylene chloride 19 8 JO 8 u8 19 8 
1.1-0ichloroethene(Totel> BOL BOL BOl BOL 

PP 8NA (Ug/kg) 
BiS(1·Ethylhexyl)phlhlllte NA NA NA NA 

TPH (lllg/kg) 77 ) 9 )5 51 

Percent MOisture. Undecenled 9 9 9 9 

PP IIOC- Prlorlly Poltutent voletll~ orgentc CO.OOUnds 
PP BNA - Prtorlly Pollutanl Bese/Neulrei/Acld Extrectlbte compounds 
TPH · Tote I Pel role~ Hydrocerbons 
ug/kg - Mlcrogre•s per kilogre• 
Mg/kg · MilllgriMS per kllogriM 
80l - Below oetectlon LIMit 
sa~le Quellflers 

8 - Anllyte WIS detected In llbOriiOry blink . 

85-1 85- l 86-1 87-1 87·1 
11 17 0 • 14 

l I 6 1 I 1 I BOL 
UB 16 8 )6 8 UB , 8 

90l 80l 80l BOL J I 

NA NA NA 710 310 I 

450 56 610 )9 39 

11 10 10 10 10 

1 - £sl1Meted concentretton of 1n1Jyte which Is present but et 1 concentr1tlon less then the st1ted detection ll•lt . 
NA- Simple not subMitted for cheMical 1n1lysts . 

I I I I I 

87•1 ouP Detection ,.. ll•t' 

1 I • 
10 8 ,. 

BOL 6 

( 
770 )10 

NA 15 

11 

( 
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Table B-4 
Analytical Results for PP Metals . PP voc. TPH. Percent Solid and Percent Moisture 

in Soi I Samples Collected from Monitoring Wei I Borings, NWIRP. Bedford . MA 

SAIIFH 10 --S·t M·$ · 1 
MONITOUHC WHl --18 M · SS 

SAIIFLIHC OEPlli 11 . S · U 4 . 5· 5 

PP Melals (~/kg) 
Ant l11100y 1 .0 u 6 9 u 
At,enlc l . I II 5.4 
Beryl I lUll o .n It 0 .51 l1 
Cllf 01111 U111 I 19 .9 
COPPer 1 .1 t0 .9 
Lead 4. 5 9 .1 
Hickel 5 .1 II 1 Ll 
Zinc t4 . 9 37 . 3 

PP V0C (UQ/k9) 
Chlorotor• t I BOL 
Methylene chloride 4 J 8 148 

PP 8HA (UQ/kO) NA HA 

TPH (1110/kO) 80l l40 

Percent sol Ids 90 90 .1 
Percent MOisture. undecanted u 9 

PP ·Priori ty Pollutant 
YOC ·Volatile Organic CORpound 
BHA · BasetNeutrai/Acld E•tractlble COmPounds 
lPH · Total Petrole\1111 Hydrocarbon 
1110/kg · •llllgra•s per kllogra~ 
ugtkg - 111icrogra•s per kllogra•s 
sample Qualifier': 

•·S·l Detection Occurrence or Metal' 
MW· lS llllll t lor In Eastern u.s . soli' 
10·11 Organlu Mean Aange 

4.9 II 0 .76 <1 • 8 . I 
ta . 4 7. 4 •O. I • 7 3 
0 . 1 0 . 85 • I · 7 

19 .1 51 ' . 1 .000 
13 . 7 11 c 1 100 
7.1 11 <10 - )00 

11 .1 tl c 5 - 700 
51 51 •5 - l. 900 

l I B 6 
taB tt 

N> 

33 

90 
8 

fl · Analyte was detected above the lnstru.ent detection ti111lt (IOl) but below the contract 
reQuired detection tl~lt (CROl) . 

8 • Analyte was detected In leboratory blenk . 
1 · Estl~ted concentration of analyate which Is Present but at a concentration less then the 

steted detection 111111t . 
u ·Analyzed for but not detected. reported value Is detection ll111lt . 

HA- sample not submitted lor analysis . 
HD · sample sublllltted lor analysis. but no anelytes were detected. 

I I I I 

( 

( 
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SAMI'lf 10 IG-IS 

PP YOC I ug/ II 
t . t ·OHhforo-eUt•n~ 80l 
I . 1-0t(hiOfOtth~llf l\lll 
t t .. OH' hloroethytene 111M 
aethylent <hlor tdt lltll 
1~1 I 1CIII01 0 tlhyl ~nt 81)1 
t t 1- Tr lchlorotChlne BOl 
t . l . l-ltlcllloro~thllne tiOI 
lllch loroethrl~ne ~ I 
1 . 2-Dichloroethy lent (local l 801. 

TPH 1119/1 I 101 

l)ti 7 17 

Condu< II vII Y h-IOS) 1'16 

~flO •-ss 
PP we (ug/ II 

t . •-ot<.t\tocoethane I I 
I . 2-0IChiOrOtlhiiM 17 
1. t-01 chlorotthy I tiM! 17 
&ethylene chi or lett IIOl 
Ttl r •chloroethy ltne • I 
t . t , I - HichloroethiiM 101 
1. 1. 1-tr l<hloroethllnt Wl 
H lchloroethylene 7S 
I , 2-DichiOfOelhylent(Tol•l) ll 

TPH 1119/1 I lot. 

l)ti 5SI 

Conductlvl IY IIIIIIIIOS I 721 

SMPI.t 10 •-•s 
PP we <uoll l 

1. 1-0ichloroethllne 101. 
1 . 2-0icllloroechllne 101. 
1. t - Dichloroethvlent Bill 
&ethylene chlor lck 1101. 
Ttl raclltoroethrlene 801. 
t . l . t-trlcllloro.,thllne Bill 
t . t . l-Hichtoroethllnt Bill 
Tr lchlorotthvlene aoc. 
1. 2-Dichloroethyltne!Tolal 1 1101. 

'"" (SQ/11 I 

pH ' ·" 
Conduct I vi IY tlllllhos I 111 

PP we- Priority Pollutant Yol•tlle oroonlc <OIII>Ounds 
!PH - lotal Petrole .. HYdrocarbons 
uo/1 - •tcrooro•s per Iller 
11911 - •tttlgra•s per Iller 
IDl - eel ow Detect I on ll• ll 

I I • I • I • • 
Table B-5 

Analytical Results for PP VOC, 
in Groundwater Samples, NWIRP, 

TPH and pH 
Bedford, MA 

ac- 1a •-IS --·· •-n 
__ ,. 

IIOl 80l IIOl IIOl 1101. 
80l 80l ftOl 80l 80l 
&ol IIOl tiOl Wl Wl 
BOl &ol Hl K eot BOl 
IOl eut tllK BOl IOl 
BOl b I lllll 17 BOl 
IIOl aot IIOl IOl IIOl 
IIOl 10 IIOl 100 IOl 
IIOl Ol IIOl .. o lot. 

N4 I N4 101. NA 

7 . Sl 5 . 75 7 . ~ 6 OS 7 . .. 

,. , .. •n .,. •.o 

•-ss DIIP 

__ ,. 
•-•s 

__ .. 
--75 

t I 6 I 1101. lot. IOl .. lot. 101. 80l aot ,. 101. 101. 101. 101. 
7 I 101. IIOl IIOl 101. 
I I aoc. 101. 101 IOl 

101. aoc. 80l aoc. 1101. 
101. 101. IIOl 101. IOl 

" 41 101. 101. lot. 
2• 71 101. aot lot. 

... ... 101. N4 lot. 

S . SI 7 . • 1 5 . 11 1 . 14 S . 7S 

721 , .. 760 •n ,., 

.... --lOS --101 •-us --It& 

IOl lot. aoc. 110 aot 
IIIli. 1101. 101. 101. 1101. 
1101. 101. 101. 110 101. 
1101. lot. 101. 21 IIIli. 
1101. 1101. IIOl 130 1101. 
1101. 101. 101. 450 Bill 
1101. 101. aoc. a I 1101. 
1101. aoc. 101. ISO 1101. 
IDl 101. 101. J6 IIIli. 

N4 l . S N4 101. ... 
1ft s 17 1 .07 1.0. 1 o• 

7~ 29J JH .. , sso 

IPA/M IICl/~ - tPA •ncl Nss•chusetts u• l- conualnollon level or Mallh a<lvlsory 
• .. Propos~d Me\ 

I I I 

--)S - - 18 

80l ~Ol 
&ol l\lll 
IOl IIOl 
IOl 1101. 
IOl IOl 
IOl IOl 
1101. aot 
aot 101. 
101. aot 

101. NA 

IU 7 . 10 

307 )10 

--71 •-.s 

101. aot 
101. 1101. 
101. 101. 
101. 101. 
101. 101 
lot. 101 
aot lot. 
1101. II 
1101. 101. 

... 1101. 

721 1.20 

171 , .. 
Detection fPA/IM 

Us II IICl/liA 

10 
10 ' 10 1 
10 ISO 
10 s • 
10 200 
10 
10 s 
10 70 

I . S-1 . S 

•• -Proposed IICl. IM proposed IIClS tor <Is- and Hans - t . l - cflchloroethylene are 70 and 100 U911 . respectively . 
A conservative •ss._llon was sacle lhlll IM <Selected valuto conslste<l sole l y ol tM Cis ts.-r 

so .... QuolllltfS 
1 - utt .. lecl con<enlr•llon ol anolyle wlllch 1 s present llut at a concentration Ius lhlln IM st•ttd clelecllon lls ll . 

I I 

•-•e 
Wl 
1101. 
&ol 
Bot 
801. 
1101. 
1101. 
1101. 
1101. 

NA 

7 .U 

450 

( __ .. 
aot 
101. 
aot 
1101. 
1101. 
lot. 
lot. 
llO 

10 

... 
191 

745 

( 
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Table B-6 
Analytical Results for PP Metals . Iron . Manganese . and Sulfates 

in Filtered Groundwater samples . NW IRP . Bedford . MA 

SAMPLE 10 

COl 

PP Mel at (ugtl) 
AniiiiiOnY 
ArJenlc 
eeryt llum 
ChtOIIIIUIII 
CC4)per 
Lead 
Mercury 
Nickel 
Sliver 
Zinc 

Iron (Ugtl) 
Manganese (ugtl) 
sulfates 1111911) 

SAMPLE 10 

COl 

PP Metal <uotl) 
Ant IIIIOOV 
Ar~enlc 

BeryiiiUIII 
ChrOIIIhllll 
COile)er 
Lead 
Mercury 
Nldtel 
Sliver 
Zinc 

Iron <uott) 
Mangenese (ugtl ) 
sulletes (111911) 

8C·1S 
269769 

u 
6 . 9 I J 

u 
9 . 1 I J 

u 
3 4 II 

u 
u 
u 

42 . 9 

366 
782 

30 

•-18 OUII 
269l1S 

10 . 5 
u 

1 . 9 II 
u 
u 
u 
u 

19 .a I I 
u 

1 . 4 I I 

NA 
NA 
NA 

COl • ~uehetll SUO I e I D 
PP - Priority Pollutant 
ugtl ·Micrograms per Iller 
mgtl • Mllllgra111s per liter 

ec- 111 
170177 

16 . 4 
u 

u 
u 

10 . 1 II 
7 . 3 

u 
u 
u 

19 . l I I 

69 . 3 II 
5111 
u 

--5$ 
270025 

u 
1 II 

u 
e. l II 

u 
10 . 1 

u 
11.1 II 

u 
1S . t II 

NA 
NA 
NA 

- - IS 
170029 

u 
I . 3 I I 

u 
u 
u 

1 . 5 I J 
u 
u 
u 

11 . t I I 

170 
136 

19 

• · 6S 
)69199 

u 
1 . 1 I J 

u 
4 . 1 II 

14 . t II 
t. e II 

0.24 
u 
u 

U . l I I 

NA 
NA 
NA 

NA · sample not submitted for cheMical analysts . 
NR · Detection liMit not reported by laboratory 

•-u OUII 
noon 

u 
u 
u 

6 . 1 II 
u 

t. 4 II 
u 

11.1 II 
u 

4 II 

NA 
NA 
NA 

- -75 
169116 

u 
4 . 5 II 
1 . 9 I J 

u 
u 
u 
u 
u 
u 

9) . 4 

NA 
NA 
NA 

--18 
170036 

u 
2 . 4 I I 

u 
7 3 II 

u 
1 II 

u 
u 
u 

6 . 4 I I 

64 . 3 II 
98 . 9 

211 

• - lis 
170235 

u 
u 
u 
u 

10 I I 
u 
u 
u 
u 

11 . 6 

NA 
NA 
NA 

- -lS 
269170 

u 
1 . 7 I I 

u 
e . 1 II 

u 
10 . 4 

u 
19 . 6 I I 

u 
13 . 3 

113 . 2 II 
512 

28 

• · 9S 
169310 

u 
5 . 1 I I 
1.311 

u 
u 
u 
u 
u 
u 

14 . 11 I I 

NA 
NA 

NA 

EPA/MA MCliHA • EPA and Massachussetts ~K I.u~~~ contaMination level or health advisory . 
sampl e Qualifiers : 

•-n ouP 
169976 

u 
u 
u 

9 . 1 II 
u 

9 . 9 
u 
u 

II . 5 II 
16 () 

NA 

NA 

NA 

•·tOS 
270136 

U . 4 

NA 
NA 

NA 

u 
u 
u 
u 
u 
u 
u 
u 
u 

--111 
170113 

u 
l . 6 II 

u 
5 II 

u 
1 . 1 II 

u 
u 
u 

U . 4 I I 

Jl5 
169 

17 

•·ItS 
170449 

40 .6 () 
u 
u 
u 

1o II 
u 
u 
u 
u 

25 . 1 

NA 
NA 

18 

--lS 
270171 

u 
5 . 7 II 

u 
4 . 2 II 

10 II 
u 
u 
u 
u 

14.6 I I 

115 
10 

--118 
270445 

u 

u 
1 . I II 

u 
u 

9 . 4 I I 
I . 5 II 

u 

154 
399 
41 

u 
u 
u 

I I · Analyte was detected above the lnstrUIIItnt detection liMit (IDl) but below the contract required detection liMit (CRDl) 
u · Analyzed for but not detected . see detec tion liMit 

I 

- - 38 
169301 

10 . 1 
u 

1 . 3 II 
u 
u 
u 
u 
u 
u 

4 . t I I 

NA 

NA 

J1 

Detect ton 
liMit 

ll. 5 
1.1 
0 . 5 
3.1 
7.J 
0 . 9 
0 . 1 

18 .6 
4 . 9 
1.2 

J . l .. 

I 

EPAIMA 
MCLIHA 

50 
1. no 

50 
1.000 

50 

700 
50 

5 .000 

300 
so 

no 

I I 

( 

( 
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Table B-7 
Ana I y l i Cd I Results for PP Meta ls. 1 ron . Manganese. and Sui fates 

in Unfi l te red Groundwater Samples , NWIRP . 

SMPLE 10 IIC·1S 
COf :not eo 

PP MelliS (Ug/1) 
AntiMOny u 
Arsenic 5 . 9 II 
Beryl II• 3 . 1 () 

Chranl• tt.l 
coooer u 
Lead JS . S 
Hickel u 
Selent• u 
Sllvet u 
Zinc 113 

SMPl£ 10 •-5s 
COf U0016 

PP Metals (ug/ll 
AntiMOny u 
Ar senlc 3.5 (I 
Beryl II• 3 . 6 () 
tttrc.l• 49 . I 
coooer U . 9 I I 
lead 30 . 6 
Hickel 59 . 7 
Selenl• u 
Sliver 6 . 4 I I 
Zinc 64 . 4 

COf • CCII!puehell SIIIPie to 
PP ·Priority Pollutant 
ug/1 • •lcrogr•s per Iller 

- - 1$ --1$ Dull 
270030 noou 

u 41.4 II 
4 . 5 11 4 . I It 
3 . 1 () 16 . 6 
146 551 

74 . 5 311 
30 . 7 ttl 
99 . 1 367 

u v 
5 t I u 

214 710 

- - 65 - - 7S 
169205 169317 

u u 
1.6 (J t. I ( J 

u 1 . 1 II 
1t . 1 S.6 II 

v u 
4. J (J 4 . 4 II 

u u 
u 9 . s I I 
u u 

31 11.1 

HA - sa~le not s~llled for c~lcal analysts . 
~ - oetectlon ll•lt not reported by laboratory 

... ,. --2$ •·2S OUp 
270037 170174 J70175 

u u u 
1. 5 (J 5 . ' ( J 4 . 6 () . 

3 . 7 11 3 . 1 ll u 
1 . 7 I J 45 . 2 ll . 7 

u U . t to . 1 I I 
... (J 39 . ' 37 . 4 

u 42 . 9 l7 . 5 I I 
u u u 

5 . 4 II u u 
5 . 3 (J 156 lt . 3 

.... ., --9$ --105 
170237 169319 U0141 

u u u 
tl . l U4 u 

t . 1 7 . 4 u 
19.4 Ul u 
19 . 9 91 u 
14 . 7 41 . 6 t.4 
10 . 1 15 . 3 u 

u 1 . 7 II u 
u u u 

13 . 7 t9J 17 . 5 

EPA/MA IIIClfHA • £PA and MISSIChusells .. XI.U. cont .. lnatlon level Of health ldVISOIV . 
sa~le Qualifiers : 

Bedford. MA 

--28 •-n 
170176 270179 

u u 
l . l II 5 II 
l . l II 0 . 61 11 

u U .6 
u u 

2 f) n .• 
u u 
u u 
u 5 . 2 I J 

U . 7 1!4 

•-tts oetecllon 
270441 ll•l I 

u 
lt · ' 

1 . t II t.l 
u 0 . 50 

1 . 1 II l.l 
u 7 . 3 

U . 6 0 . 9 
u O. l 
u 11 . 6 
u 4 . 9 

lU t.J 

I I 

--lit 
169304 

u 
11 . ' 
1.6 tl 

U . 2 
u 

26 . 1 
19.1 II 

u 
u 

77 . l 

EPA/MA 
IIICL/HA 

so 

' · 750 
50 

',000 
50 

700 
to 
50 

5.000 

II - Analyte was detected abo¥e the lnstru.ent detection tl•lt (IOL) but below the contract required detection 11•11 (CROll . 
u- Analyzed for but not detected . see detection 11•11 . 

I I I 

--38 OUp 
269l10 

u 
10 . 4 

) . I I) 
53 . 1 

u 
•U.S ( 40.4 

u 
u 

102 

( 



• 

• 

-
• 

-
• 

• 

• 

• 

• 

• 
• 

.. 
• 
• 

-
• 
• 
• 

Table B-8 
Analytical Results tor PP Me tal and TPH 

in Surface water Samples. NWIRP. Bedford , MA 

SAMPLE 10 sw-, IW·l 

PP Metals (Ug/1) 
Arsenic 80l 52 
Beryllium 80l 80l 
Ct'IIOI!Iium (TOtal) 80l 12 . 6 
coPPer 80L 212 
Lead 0 . 99 () )3 , ~ 

selen ium 6 . ~ I ) SOL 
Zinc ~~ 154 

PP V0C (Ug/1) 110 110 

TPH Cmg/1) BOL 80l 

Pp- Pr ior i ty Pollutant 
VOC • votat1le organic compounds 
TPH - Total Petroleum HYdrocarbons 
IDL ·Below Oetect•on limit 

Detect ton .... , .... ~ Lilli It 

BOL 5. , ( ) 1.2 
2 .6 I ) 80l 0 . 5 

~ I l t3 ) . 8 
)1.1 92 . 1 7 .3 
20 . 5 7 . 7 0 . 9 

1.3 I I 80L , 
207 211 NR 

110 110 

, . 1 

fPA 
AWQC (FQC) 

5 . 3 
210 ° 
1l 

l . l 
35 

110 

EPA AWQC (FCC) ·EPA AQuat ic water Quality criteria (Fr esh wa te r Chronic crit e ri a ) 
Sample Qual i fiers : 

ll • Analvte was detected above the Instrument de tection limi t CIDL) but below the 
cont ract reQu i red detect ion lim i t CCROL>. 

u- Ana lyzed for but not detected . see detect ion ll~ l t 

NR- Detect ion lim i t not reported by labor atory 
NO- samp les submi tted for ana lysis . but anatyt es we re not de tected 
0 -Assumes tr ivalent chr0111i um 
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Field Blanks 

sample ID 

F-1 
F-2 
F-3 
F-4 
F-5 
F-6 
F-7 
F-8 
F-9 
F-10 
F-11 
F-12 
F-15 
F-16 

sample Blanks 

Sample ID 

R-2 
R-3 
R-5 
R-6 
R-8 
R-10 
R-12 
R-16 
R-17 
R-18 
R-19 

Trip Blanks 

Sample ID 

TB-1 
TB-2 
TB-3 

Table B-9 
Analytical Results of Methylene Chloride 
for Field, Sample, and Trip Blanks 
at NWIRP, Bedford, Massachusetts 

Sample 
Source 

Disti I led water 
Water Truck 
Water Hose 
D i s t i I I ed Water 
Water Hose 
Water Truck 
Disti I led Water 
Water Hose 
Water Truck 
Disti lied Water 
Water Hose 
Water Truck 
Disti I led Water 
Distilled Water 

Sample 
source 

Rinsate 
Rinsate 
Rinsate 
Rinsate 
Rinsate 
Rinsate 
Rinsate 
Rinsate 
Rinsate 
Rinsate 
Rinsate 

Sample 
Source 

Lab Water 
Lab water 
Lab Water 

Methylene Chloride 
( ug I I ) 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
21 

BDL 

Methylene Chloride 
( ug I I ) 

BDL 
BDL 
BDL 
11 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

Methylene Chloride 
( ugl I ) 

BDL 
BDL 
SJ 

ugll -micrograms per I iter 
BDL -Below Detection Limits 
J -Estimated concentration of analyte which Is present but at a 

concentration less than the detection I imit . 


